This study attempts to investigate the long-run Granger causality relationship between energy consumption, carbon dioxide emission and economic growth in India over the period . The augmented DickeyFuller test (ADF), Phillips-Perron test (PP) and KPSS test are used to test for Granger causality in cointegration models which take account of the stochastic properties of the variables. The most important result is that there is feedback causal relationship between energy consumption and economic growth in India which implies that the level of economic activity and energy consumption mutually in ‡uence each other; a high level of economic growth leads to a high level of energy consumption and vice versa. The value of the error correction term con…rms the expected convergence process in the long-run for carbon emissions and growth in
INTRODUCTION
With rapid industrialization, increased population and signi…cant change in life style, the threat of global warming and climate change is increasing for the last two decades. Carbon dioxide (C02) emission is considered as the main cause to the Green House Gases (GHGs). It is responsible at least 60% to the cause of global warming. Since 1990, the link between emission and economic growth has been studied extensively as global warming is raising the concern of environmental quality. In order to reduce the emission of GHGs, there have been several international attempts, of which the Kyoto protocol agreement, signed in 1997 is the most notable one. The Kyoto Protocol is a protocol to the United Nations Framework Convention on Climate Change (UNFCCC) and the key feature of the Kyoto protocol is to reduce the collective emission of GHGs of 39 industrialized countries and the European Union by 5.2% from 1990 level during the period of 2008 -2012 countries have signed and rati…ed the protocol with a view to reduce global emission level.
However, with the pace of development, as suggested by the Environmental Kuznets Curve (EKC) hypothesis, the level of carbon emission is expected to rise for many of the economies, contributing further to global warming. The validity of the EKC, on the other hand is itself a debatable issue and depending on the level of development, countries might di¤er signi…cantly in terms of their growth-pollution nexus. This linkage of emission and growth is also closely related to the relationship between energy consumption and carbon emission as combating energy use will, on one hand reduce the level of emission and on the other might a¤ect economic growth in a negative manner. In addition, depending on several other factors, e.g. the composition of growth, type of economic activities, intensity of foreign trade etc. this growth-emission-energy sions of the Indian economy based on an Input-Output (IO) table and Social Accounting Matrix (SAM) for the year 2003-04 that distinguishes 25 sectors and 10 household classes. Total emissions of the Indian economy are estimated to be 1217 million tons (MT) of CO2, of which 57% is due to the use of coal and lignite. The per capita emissions turn out to be about 1.14 tons. Balachandra et al. (2010) investigate that India has made substantial progress in improving energy e¢ ciency which is evident from the reductions achieved in energy intensities of GDP to the tune of 88% during 1980 -2007 . Mallah and Bansal (2010 found that exploitation of energy conservation potential and an aggressive implementation of renewable energy technologies lead to sustainable development. Coal and other fossil fuel (gas and oil) allocations stagnated after the year 2015 and remain constant up to 2040. After the year 2040, the requirement for coal and gas goes down and carbon emissions decrease steeply. By the year 2045, 25% electrical energy can be supplied by renewable energy and the CO2 emissions can be reduced by 72% as compared to the base case scenario. However, literatures do not strongly supported time series analysis on India to reveal the relationship between emission, energy consumption and growth. This paper is an attempt to …ll up that research gap. In this paper, we have attempted to examine the long run and causal relationship between economic growth, energy consumption, square of per capita income, trade openness and carbon emissions in India taking 36 years of data, from 1971 to 2007.
The rest of paper is as follows: In section metricconverterProductID2, a2, a brief review of the recent literature is provided whereas section 3 describes the data and outlines the methodology of the analysis. In section 4, econometric analysis is described and …nally section 5 concludes the paper.
LITERATURE REVIEW
There has been basically three research strands in empirical literature to examine the relationship between economic growth, energy consumption and environmental quality (of which CO2 emission is an important variable). The …rst strand focuses on the environmental pollutants and economic growth nexus. The literature on environmental quality and economic growth study mainly focuses on the testing of the existence of environmental Kuznet's curve (EKC). The pioneering work of Kuznet (1955) which claimed for an inverted U-shaped relationship between economic growth and income inequality has been later reformulated to test similar inverted U relationship between economic growth/income and environmental quality. In this context, Grossman and Krueger (1991) , Sha…q (1994) , Heil and Selden (1999) , Friedl and Getzner (2003) , Dinda and Coondoo (2006) , Ang (2007) , Acaravci and Ozturk (2010) , Pao and Tsai (2011) among others attempted to test the existence of EKC for di¤erent economies.
The results of such research are however contradictory and in many cases researchers failed to establish the inverted U-shaped relationship with real life data. A second strands looks at the link between energy consumption and output, suggesting that energy consumption and output may be jointly determined and the direction of causality between these two variables needs to be tested. Following the seminal work of Kraft and Kraft (1978) , several others including Masih and Masih (1996) , Yang (2000) , Wolde-Rufael (2006) , Narayan and Singh (2007) , Narayan et al. (2008) , Payne (2009), Ozturk et al., (2010) , Lau et al. (2011) tested the energy consumption and economic growth nexus with a variety of techniques and for di¤erent panel of countries. provides a detailed literature survey on the empirical studies of energy-GDP nexus.
Finally, a third stream of research has emerged, which combines earlier two approaches by examining dynamic relationship between carbon emissions, energy consumption and economic growth. Some of the recent studies using this approach are as follows: Soytas et al. (2007) , Akbostanci et al. (2009 ), Soytas and Sari (2009 ), Zhang and Cheng (2009 ), Jalil and Mahmud (2009 , Apergis and Payne (2010) , Acaravci and Ozturk (2010) , Pao and Tsai (2011), and Alam et al. (2011) . The recent study of Alam et al. (2011) of the existence of bidirectional (feedback) Granger causality between energy consumption and CO2 emissions in the long-run but neither CO2 emissions nor energy consumption causes movements in real income. In addition, there is no long-run causality relationship between income and CO2 emissions but in the short-run causality exists in India. In addition, researchers have looked not only at output/income or economic development variables but also extended their analysis to include other aspects such as …nancial development or trade openness or trade intensity of a country. The branch of literature which emphasizes the relationship between carbon emission and foreign trade considers the fact that the developed economies would specialize in human or physical capital intensive activities which are less emission intensive than those activities pursued in developing countries. Trade therefore may result in increased pollution in developing countries due to the increased production of these emission intensive goods in these countries. The study of Grossman and Krueger (1991) is pioneering in this regard while similar research question has also been addressed by Lucas et al. (1992) , Wycko¤ and Roop (1994) , Suri and Chapman (1998) , Anderson et al. (2010) , etc. The results of these studies in terms of the relationship between trade and environmental quality is however inconclusive.
DATA AND METHODOLOGY
This study utilizes annual data on CO2 emissions (C) (metric tons per capita) per capita, energy use (E) (kg of oil equivalent) per capita, real GDP (Y) (both in constant 2000 US$) per capita and openness ratio (T) which is used as a proxy for Foreign trade for India. We collect the data on India's CO2 emissions (C) per capita, energy use (E) per capita, real GDP (Y) per capita from the World Development Indicators (WDI) published by the World Bank. Although the output and CO2 emissions series commences in 1960, the energy use series begins in1971 in the WDI. Thus, the year of 1971 is de…ned as the starting point. The analysis is con…ned to the period 1971-2007 due to data availability. Thus, we get 36 observations on each series ranging from 1971 to 2007 -the Ilhan OZTURK, Gazi Salah UDDIN -CAUSALITY AMONG CARBON EMISSIONS, ENERGY CONSUMPTION AND GROWTH IN INDIA longest possible joint dataset on India's CO2 emission, energy and GDP. All the data used in the study are in logarithmic form. This transformation can reduce the problem of heteroskedasticity as log transformation compresses the scale in which the variables are measured (Gujrati, 1995) . The relationship between carbon emission, energy consumption, national income, square of per capita real income and trade openness of a nation can be expressed in the following basic multivariate model:
( 1) where, " t is white noise. Logarithmic transformation of the above equation and inclusion of a trend variable would leave the basic equation as follows:
where, t is the trend variable, LC: Log of Carbon Emission; LE: Log of Energy Consumption; LY: Log of Real GDP per capita; LY 2 is square of per capita real income, and LT: Log of Trade Openness ratio as proxy for foreign trade. Generally, it is expected that the higher level of energy consumption should result in greater economic activity and stimulate CO2 emissions; therefore, it is expected that 1 is greater than metricconverterProductID0 in0 in Eq. (2). Under the EKC hypothesis, the sign of 2 is expected to be positive where as a negative sign is expected for 3 . The expected sign of 4 is mixed depending on stage of economic development of a country. This may be negative in the case of developed countries, as it may reduce the production of pollution intensive goods and instead import these from other countries with less restrictive environmental protection laws. On the other hand, the sign of 4 may be positive in the case of developing countries as they tend to have dirty industries with heavy share of pollutants (Grossman and Krueger,1995) .
The main signi…cance of this paper from the research work conduct by Stern (2004) and Perman and Stern (2003) . Stern (2004) Page:759 evidence in support of the stocktickerEKC is weak. In addition, our work suggests that several of the studies (see, interalia, Perman and Stern, 2003; Canas et al., 2003; Dinda et al., 2000; Galeotti et al., 2006) that model emissions as a function of income augmented by income-squared and income-cubed and trade openness type variables su¤er from an additional problem-that of multicollinearity. We con…rm this by undertaking a test for collinearity between income and income-squared and income-and Trade openness for our time series dataset from 1971-metricconverterProductID2007 in2007 in India. In this paper, we found that income-squared and trade openness variables su¤er from multicollinearity problem that is why this study does not consider these two variables in the model for India. Therefore, the paper is constructed on carbon emission, energy consumption and growth in India.
where, " t is white noise. Logarithmic transformation of the above equation and inclusion of a trend variable would leave the basic equation as follows
where, t is the trend variable, LC: Log of Carbon Emission; LE: Log of Energy Consumption; LY: Log of Real GDP per capita.
The estimation process would begin with studying the time series properties of the variables and testing the order of integration. In order to establish the line of causality among variables, the famous Granger causality tests would be carried out. The proposed research would estimate the impact of energy consumption, and income on emission using cointegration approach so as to ensure long run relationship between them. In this study, we also estimate model with the system based reduced rank cointegration approach by Johansen and Juselius (1990) . While there are several ways to examine interaction between variables, the in ‡uential work of Sims (1980) made VAR model and innovation accounting useful in time-series studies. Other works in this line include Blanchard and Quah (1989) , Evans (1989) , King et al. (1991) , Pesaran and Shin (1998 The objectives of our empirical estimation are to examine how the variables are related in the long-run and to assess the dynamic causal carbon emission, energy consumption and growth in India. Hence, our methodological approach in this paper includes three steps: 1) We need to check for a unit root in CO2 emissions (C) per capita, energy use (E) per capita, real GDP (Y) per capita in levels. We are using three di¤er-ent types of unit root tests: the augmented Dickey-Fuller (ADF) test (Dickey and Fuller, 1979; 1981) , the Phillips-Perron (PP) test (Phillips and Perron, 1988) and the Kwiatkowiski-Phillips-Schmidt-Shin (KPSS) test (Kwiatkowski et al., 1992) .
2) If the variables are I(1) then they have a long run relationship. VAR will be inappropriate. Hence, we need to test them for cointegration. If the variables are cointegrated, i.e. C (1, 1), a vector error correction (VEC) model will be used to discover the long run relationship. So, the third step is to test for causality by employing the appropriate types of causality tests.
3) If the cointegration relations between the variables are absent, we can run them in a VAR and there by get variance decompositions and impulse responses. Figure 1 shows the series in log. A clear upward trend is evident in LC stand for the Log of Carbon Emission; LE stands for the Log of Energy Consumption; LY stand for the Log of Real GDP per capita series. Figure 1 4 EMPIRICAL RESULTS Table 2 presents the results of the unit root tests based on the Augmented Dickey-Fuller (ADF), Phillips-Perron (PP) and Kwiatkowiski-Phillips-SchmidtShin (KPSS) statistics on the natural logarithms of the levels and the …rst di¤er-ences of the variables. All tests are providing us with a consistent set of results on unit root tests. For example, while the carbon emission, energy consumption, and output series have unit roots regardless of the tests, the …rst di¤erences of these series, emission, energy and output respectively, are clearly stationary under both the ADF and PP tests. For KPSS, the null hypothesis is the series is stationary. Thus, KPSS test issued to complement ADF and PP tests in order to have robust results. Hence, the results of unit root tests reveal that carbon emission, energy consumption and output are integrated of order one, I(1), in India. All the I(1) variables can only be regressed on each other if they are cointegrated. Thus, we proceed to testing the variables using the Johansen cointegration approach. *, ** and *** denotes rejection of the null at 10%, 5% and 1% level of signi…cance.
Unit Roots Tests
Figures in Parentheses ( ) indicate Lag Length.
The critical values and details of the tests are presented in Dicky and Fuller (1979, 1981) and Phillips and Perron (1988) . The AIC determines the lag length (P) in the ADF tests (see Stock and Watson, 2007 :561 for details), MacKinnon (1996) Johansen (1995) . We have three variables and null hypotheses are thus two in number under each test. The null hypothesis for the trace test is that there are, at most, r cointegrating vectors, while the alternative is that there are more. The test is performed sequentially, beginning with the null hypothesis that there are at most zero cointegrating vectors, and if this null hypothesis is rejected, continuing with the null hypothesis that there is at most one cointegrating vector. For the maximum eigenvalue test, the null hypothesis is that there are exactly r cointegrating vectors, while the alternative is that there are exactly r+1. Again, the test is carried out sequentially, beginning with the null hypothesis that there are no cointegrating vectors. Since the Johansen approach (1995) is sensitive to the lag length used, the optimal lag length of the VAR model was examined by the Akaike Information Criterion (AIC) or the Schwartz Bayesian Criterion (SBC). In this study we use the SBC as a lag selection criterion. Empirically, SBC never selects lag values that are larger than AIC, while AIC selects relatively higher lag values. AIC and SBC are used to determine the appropriate lag length. The order of the distributed lag on the dependent variable and the regressors can be selected using either the AIC or SBC. However, depending on Monte Carlo evidence, Pesaran and Smith (1998) found that SBC is preferable to AIC, as it is a parsimonious model that selects the smallest possible lag length, while AIC selects the maximum relevant lag length Mackinnon et al. (1999) . One asterisk (*) denotes signi…cance at 5% level. denotes the number of co-integrating vectors. The trace and max test statstics are computed by allowing for linear deterministic trends in the data. The lag length is determined by the SBC (see Enders 2004:363) .
R stands for the rank of the matrix, which denotes the number of the cointegrating equations between the variables.
The corresponding -statistics and their critical values are shown in the column. As long as each -statistic is below its critical value, we will fail to reject the corresponding null hypothesis of no cointegration. The p-values reported here follow the MacKinnon et al., (1999) procedure. The p-values from the Osterwald-Lenum (1992) procedure are not statistically di¤erent from those of the previous procedure, and thereby not reported here to save space. If we fail to reject the …rst hypothesis of no cointegrating relation, the second null hypothesis automatically becomes redundant. The last column against each null hypothesis in the table gives the number of cointegrating equations. The Table 3 are consistent, suggesting at least one cointegrating relationships among the variables in the series at 5% level of signi…cance for India.
Granger Causality
The multivariate Granger proposed by Granger (1969) and popularized by Sims (1972) methodology will be applied to identify direction of causality among the variables of interest, i.e. carbon emission, energy consumption and GDP. The causality test assumes that the time series at hand are mean reverting process. However, it is highly likely that variables of this study are nonstationary. Formal tests will be carried out to …nd the time series properties of the variables. Engle and Granger (1987) where Z t 1 is the ECT obtained from the long run cointegrating relationship between carbon emission, energy consumption and GDP per capita. The above error correction model (ECM) implies that for each of the model possible sources of causality are two: lagged dynamic regressors and lagged error correction term.
There is casual ‡ow running from energy consumption to carbon emission in India. Since the majority of India's commercial energy comes from coal, the coal has the highest CO2 emission coe¢ cient. There is a feedback causal relationship between energy consumption and economic growth in India which implies that the level of economic activity and energy consumption mutually in ‡uence each other; a high level of economic growth leads to a high level of energy consumption and vice versa. Next we estimate the ECM along with the short-run parameters. The sign of the error correction (EC) coe¢ cient must be negative and signi…cant to ensure convergence of the dynamics to the longrun equilibrium. The value of the EC coe¢ cient, which signi…es the speed of convergence to the equilibrium process, the most important term in Table 4 is the sign and value of the coe¢ cient on the EC term. The negative sign on the EC term con…rms the expected convergence process in the long-run for carbon emissions and growth. Although India is rich in coal and abundantly endowed with renewable energy resources in the form of solar, wind, hydro and bio-energy, around 53% of India's total energy needs has been met by coal followed by oil (31%) and natural gas (8%), and only 6% from hydro electric power, 1% from nuclear and 1% from renewable energy sources. The majority of India's commercial energy comes from coal (IEP, 2008) . Thus, coal has the highest CO2 emission coe¢ cient. There is causal relationship from energy consumption to carbon emission in the case of India. In addition, there is feedback causal relationship between energy consumption and economic growth in India which indicates the level of economic activity and energy consumption mutually in ‡uence each other in that a high level of economic growth leads to a high level of energy consumption and vice versa. To change this unidirectional causal relationship, India must focus attention on the use of clean coal technologies and also try to shift the use of energy from coal to alternative cleaner sources like natural gas, nuclear, renewable and hydrogen energy. Such measures will help to allow India to maintain its future growth aspirations as well as implementing its National Action Plan on Climate Change (NAPCC, 2008) . At present, Indian government wants to achieve an 8-10% economic growth rate to eradicate poverty and meet its human development goals. The NAPCC also states categorically that India's per capita greenhouse gas emissions will "at no point exceed that of developed countries".
Ilhan OZTURK, Gazi Salah UDDIN -CAUSALITY AMONG CARBON EMISSIONS, ENERGY CONSUMPTION AND GROWTH IN INDIA
KAUZALNOST IZMEÐU EMISIJE UGLJIKA, POTROŠNJE ENERGIJE I RASTA U INDIJI Saµzetak Ovaj rad istraµzuje dugoroµcnu Grangerovu kauzalnost izme †u potrošnje energije, emisije ugljikovog dioksida i ekonomskog rasta u Indiji u periodu od 1971. do 2007. Za testiranje Grangerove kauzalnosti u kointegracijskim modelima koji uraµcunavaju stohastiµcka svojstva varijabli korišteni su prošireni Dickey-Fuller test (ADF), Phillips-Perron test (PP) i KPSS test. Najvaµzniji rezultat je da je utvr †ena povratna kauzalna veza izme †u potrošnje energije i ekonomskog rasta, što ukazuje na me †usoban utjecaj razine ekonomske aktivnosti i potrošnje energije; veliki ekonomski rast dovodi do visokog stupnja potrošnje energije i obrnuto. Vrijednost korekcije greške potvr †uje dugoroµcno oµcekivani proces konvergencije za emisiju ugljika i rast u Indiji što upu´cuje na zakljuµcak da´ce politika smanjenja emisije ugljika oštetiti ekonomski rast Indije ukoliko ne bude zamjenskih politika koje´ce pokušati modi…cirati kauzalnu vezu.
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